14 Consequently, fluorine gas is used on the manufacturing scale when appropriate reaction selectivity and cost benefits for a given process can be achieved.
6
A simplified method suitable for scale-up to manufacturing quantities of Flucyctosine could, in principle, be the direct fluorination of inexpensive cytosine using cheap fluorine gas.
However, a suitable, scaleable direct fluorination synthesis of Flucytosine has not been reported in the literature. 15, 16 In this paper, we describe an inexpensive and readily scaleable method for the synthesis of Flucytosine from cytosine using fluorine gas as part of a long term programme developing the use of fluorine gas as a reagent for organic chemistry using both batch and continuous flow reaction techniques.
17-20
Initially, we examined fluorination of cytosine by fluorine using a conventional batch process. Cytosine is very soluble in formic acid (160 g/L [1.45 M]), a preferred medium for direct fluorination due to enhanced reaction control for electrophilic fluorination processes. 21 Batch fluorinations were conducted by passing fluorine gas (10% in nitrogen) via a gas flow meter through a solution of cytosine in formic acid at room temperature.
Following work-up, a crude mixture that contained mainly flucytosine (approx. 50 % by 19 16 Recrystallization of the crude product mixture from water efficiently removed all difluorinated organic impurities, but the separation of unreacted starting material from the desired flucytosine product proved to be very difficult. Therefore, the reaction conditions were adapted to give 100 % conversion by passage of an excess of fluorine gas through the rapidly stirred reaction mixture (Table 1) .
Consequently, after addition of 1.75 equivalents of fluorine, work-up and simple recrystallization from water, pure Flucytosine was isolated in reasonable yield (38 %).
Our preliminary results, therefore, demonstrated that batch fluorination processes can be used to synthesise Flucytosine in moderate yield although the formation of significant quantities of difluorinated product leads to considerable waste which would contribute to higher production costs. As an alternative to batch manufacturing processes, there are many advantages associated with using continuous flow reactors for chemical synthesis and among those discussed widely [22] [23] [24] including high throughput, reduced waste streams, low manufacturing, operation and maintenance costs, low power consumption, increased precision and process control. Flow reactors may also lead to increased reaction selectivity due to optimisation of contact between reagents because of very rapid mixing in such 7 devices and laboratory and manufacturing scale continuous flow systems are now commercially available. 24 Consequently, we studied the fluorination of cytosine using a continuous flow reactor system where greater fluorination reaction control may be possible.
While we have utilised various laboratory continuous flow reactors previously for direct fluorination processes, 19 for this application we used a narrow-bore stainless steel tube (1.4 mm ID, 1 m length) as the continuous flow reaction vessel that ensures good gas-liquid mixing and is operationally simple. Consequently, fluorine gas (10% in nitrogen) was passed through the steel tube via gas flow meter at the same time as a solution of cytosine in formic acid was introduced into the tube reactor at a prescribed rate by syringe pump (Table) . After some optimisation, involving changing flow rates and equivalents of fluorine gas added, 100% conversion of the starting material was observed and Flucytosine was isolated (63%) by recrystallization indicating the feasibility of using flow reactors for Flucytosine manufacture.
8 Table 1 : Synthesis of Flucytosine Scale-up of our initial laboratory scale experiments was conducted using a meso-scale After filtration, the solid was washed once with n-butanol (60 mL) and dried in air to leave 
